Abstract: Only few studies have focused on organochlorine pesticides (OCPs) in breast milk and the related health risks for women in Taiwan. Our goal is to examine breast milk OCPs and their associations with female reproductive function (infertility, gynecological diseases, and menstruation characteristics) as well as their correlation with sociodemographic parameters (age, pre-pregnant body mass index (BMI), annual incomes, population, birth year, and parity) and dietary habit. The breast milk samples were collected in southern Taiwan (n = 68) from 2013 to 2016 and the OCP residues were analyzed using high resolution gas chromatography with low resolution mass spectrometry (HRGC/LRMS). The results show that the most abundant OCP residues in the breast milk was ΣDDT with the geometric mean ± standard deviation of 9.81 ± 7.52 ng −1 lipid −1 followed by ΣHCH (0.539 ± 0.557 ng −1 ·lipid −1 ). In the principal component analysis, cis-chlordane (cis-CHL) and γ-HCH were found to be related to participants who received medical treatment for infertility, and 4,4 -DDT was associated with those who received gynecological surgery. The logistic regression showed that the odds ratio (OR) of log γ-hexachlorocyclohexane (γ-HCH) was higher for mothers who had received medical treatment for infertility than for the normal group (OR = 25.6, p = 0.035) after adjustments for age, pre-pregnant BMI, annual income, population (i.e., native-born Taiwanese), birth year, and parity. Cow milk and beef consumption as well as menstruation characteristics such as average menstrual period (>5 days), shortest menstrual period (<3 days), and women who had taken hormonal drugs were significantly associated to several OCP residues in the breast milk. In addition, ΣHCH including β-HCH and γ-HCH was correlated with annual family income and gravidity as well as cow milk and beef consumptions. Overall, γ-HCH exhibited a probable association with the infertility diseases of Taiwanese women, and dietary habit might play an important role in the female Taiwanese exposure to OCPs.
Introduction
Organochlorine pesticides (OCPs) are a class of persistent organic pollutants (POPs) that accumulate in the environment and can be distributed through runoffs into surface water or groundwater [1] . OCPs with low estrogenic or anti-estrogenic effects are classified as endocrine disruptors. Lipophilic OCPs, known for having high resistance to degradation as well as long half-lives, can be bioaccumulative in the environment and are usually detected in biological media such as human serum, breast milk, and adipose tissues through everyday diets [2, 3] . OCPs have been banned since the 1960s by the Stockholm Convention, but in most developing countries, they are still being utilized illegally [4] . In Taiwan, the government has banned the use of OCPs since 1975. However, the OCPs released before the ban of OCPs use are still present in various environmental and biological media [5] [6] [7] .
OCPs negatively affect human health and have been reported to cause endocrine disruption, reproductive toxicities, neurological disorders, immunotoxicity, and oncogenesis [4] . Meeker, et al. [8] found that serum levels of p-p -dichlorodiphenyldichloroethylene (DDE) cause endocrine disruption by increasing the free thyroxine (T4) and total triiodothyronine (T3) levels and found DDE to be inversely associated with thyroid-stimulating hormone (TSH). Reproductive toxicity studies linking OCPs to female infertility and gynecological issues date back to as early as the 1980s [9] . In an in-vivo study, rats exposed to methoxyclor (200 mg kg −1 b.w.) for 7 days showed a reduction in seminal vesicle weight, serum testosterone, and dehydroepiandrosterone levels [10] while mature female rabbits exposed to dichlorodiphenyltrichloroethane (DDT) (3 mg kg −1 ) and lindane (0.8 mg kg −1 ) exhibited reduced ovulation rates [11] . Although several in-vitro studies (e.g., studies using ovarian cells) have listed the negative impacts of DDE and DDT, such as infertility and reductions in the number, development or quality of oocytes, fertilization rate, embryo quality or development, and pregnancy rate, only a few of these studies have managed to obtain statistically significant results [12] . An epidemiological study reported that high levels of serum ΣDDT (DDE + DDT) above 1 µg kg −1 were significantly correlated to low pregnancy rates in German women [13] . On the other hand, Axmon, et al. [14] indicated that female serum levels of DDE were not correlated to the prolonged time to pregnancy (TTP) in women living in Greenland, Warsaw, and Kharkiv (n = 1722). However, an opposite trend was observed in a Brazilian study that showed that serum DDE from spontaneously pregnant women (fertile group achieving pregnancy in a period no longer than 12 months continuously) was significantly lower in magnitude than those receiving medical treatments for infertility [15] . Infant exposure to OCPs, specifically to DDT and its metabolites through breast milk and maternal serum, has been associated with adverse health effects such as neurodevelopmental delay [16] , reproductive dysfunction, preterm, and small-for-gestational-age babies [17] .
Human breast milk is a convenient specimen that can be used to examine OCP residues in human tissues because it is a non-invasive type of sample [18] . The OCP levels in breast milk reflect maternal burden and can provide information on possible health risks to breastfeeding infants, especially for developing countries. So far, only two studies have reported OCPs in human breastmilk in Taiwan [18, 19] . Chao, et al. [18] indicated that DDT and DDE are two dominant OCPs detected in Taiwanese breastmilk. Jaga and Dharmani [20] emphasized that a high DDE/DDT ratio is indicative of high environmental persistence and continuous bioaccumulation while a low DDE/DDT ratio denotes recent DDT exposure. Chao, et al. [18] observed a high DDE/DDT ratio (mean = 13.6, SD = 6.54), which indicated that the OCP residues in Taiwanese breastmilk are the result of past exposure; furthermore, the OCP residue levels in Taiwan have been found to be relatively lower than those of other Asian countries like China, Thailand, Indonesia, and Vietnam but are comparable to those of Japan, Sweden, and the United Kingdom. The levels of OCPs in human breast milk reported by Chao, et al. [18] were comparable to those in human serum measured by Kang, et al. [21] , but lower than those in the adipose tissue observed by Quintana, et al. [22] . Like many rapidly developing and industrialized countries, Taiwan is also dealing with environmental health problems caused by OCP contamination. Thus, these compounds should be closely and consistently monitored long-term. However, little attention has been paid to longitudinal study and long-term surveys of OCP exposure to the Taiwanese population because the use of OCPs has been banned by Taiwan's government for nearly 40 years. Regardless, OCPs are still present in many imported goods in Taiwanese markets and may thus reflect recent exposure. In this study, our goal is to investigate the levels of OCP residues in breast milk samples from Southern Taiwan and to evaluate its health risks, particularly its correlation to female infertility and gynecological diseases.
Materials and Methods

Sample and Data Collection
The study protocol was reviewed and approved by the Human Ethical Committees of Pingtung Christian Hospital (PCH) in 2013. The study participants were pregnant women without clinical complications recruited from the PCH, Southern Taiwan, from December 2013 to November 2016. The initial selection comprised 143 randomly selected pregnant women ranging in age from 19 to 40 years old. Sixty-eight women were selected based on compliance with the following five criteria: completeness of the questionnaire, native-and nonnative-born populations with minimum residence times of 10 and ≥1 years in Southern Taiwan, respectively (to avoid the inclusion of participants who resided in POP emission areas), no history of PCB poisoning, sufficient breast milk supply (>60 mL), and willingness to strictly follow the protocol to prevent contamination. All participants answered the detailed questionnaires to provide the information for demographic and sociodemographic characteristics, dietary habit, and health or medicine history. The demographic and sociodemographic characteristics were maternal age, pre-pregnant and perinatal body mass index (BMI), parity, population, duration of breastfeeding, educational level, annual family income, and primiparity or multiparity. The dietary habit included the consumptions of cow milk, cheese, egg, beef, pork, and chicken. The self-reported items concerning medicine history such as "Infertility medical treatment" and "Gynecological surgery" were also provided (Tables 1 and 2 ). The historical records of OCPs [18, 19] (particularly DDT and its metabolites) in Taiwanese breast milk were also included in this study to examine if OCP body burden of women at childbearing age continuously declined after the ban of OCP usage. 
Chemical Analysis
In the present study, all of the milk samples were collected from participants who were within the normal duration of pregnancy (36 to 40 weeks), and the milk samples were collected within three weeks after giving birth. The milk samples were collected using chemical-free glass-bottles with Teflon seals and were then frozen in home refrigerators (0-4 • C). After 60-90 mL of breastmilk were collected, the glass bottles were immediately transferred to the laboratory at National Pingtung University of Science and Technology, and the samples were kept frozen at −20 • C prior to OCP analysis. OCP residues in breast milk were analyzed following the protocol from a previous report [18] . The breast milk was homogenized using vertical mixing at 1000 rpm at room temperature for 5 min. Ten microliters of individual internal standards 13 C 12 -4,4 -DDT and pentachloronitrobenzene, purchased from Cambridge Isotope Laboratories (Andover, MA, USA), were added into a solution containing 2 mL of breast milk, 2 mL of glacial acetic acid, and 2 mL of methanol. The mixture was vortexed and sonicated in an ultrasonic bath for 30 min, and this mixture was moved to a vacuum manifold (Supelco, Oakville, ON, USA) using a 6 cc/5 mg Sep-Pak Vac C 18 cartridge (Waters, Milford, MA, USA), a 360 mg Sep-Pak Plus NH 2 cartridge (Waters), and a 3 cc/1 g Bond Elut PCB cartridge (Varian, Harbor City, CA, USA) for solid phase extraction. Twenty different OCPs (EPA method 8081 organochlorine pesticide mixture, AccuStandard, Inc., New Haven, CT, USA) including 4,4 -dichloro-diphenyldichloroethane (DDD), 4,4 -DDE, 4,4 -DDT, α-hexachlorocyclohexane (HCH), β-HCH, γ-HCH, δ-HCH, cis-chlordane (CHL), trans-CHL, heptachlor, heptachlor epoxide, aldrin, endrin, endrin aldehyde, endrin ketone, dieldrin, decachlorobiphenyl, endosulfan I (a), endosulfan II (b), endosulfan sulfate, and methoxychlor were determined in the breast milk. For the lipid analysis, each breast milk sample was extracted twice using 200 mL acetone/n-hexane (2:1) for 8 min with stirring and filtration. After extraction, the extract was concentrated until dry, and the lipid content was determined using the gravimetric method. The final extracts were analyzed using high resolution gas chromatography equipped with mass spectrometry in the splitless mode (Agilent 7890/5975C-GC/MSD from Hewlett-Packard, Palo Alto, CA, USA) and a capillary column (DB-5MS purchased from J&W Scientific, Folsom, CA, USA) separation in the electron impact (EI) mode. The temperature program of the GC oven increased linearly by 10 • C·min −1 from 80 • C to 290 • C and was then maintained for 10 min at 290 • C. Two isotopic masses were measured for each mentioned component. Quantification was performed using the isotope dilution method with internal/external standard mixtures. The sample quality control and quality assurance (QA/QC) followed the Taiwan Environmental Protection Agency (EPA) standard method (NIEA T206.21C). The recovery rates of two isotopically labeled standards ranged from 97.4 to 103%. The range of method detection limit (MDL) values, defined as three times the signal-to-noise (S/N) ratio, were from 0.0155-0.0536 ng·g −1 ·lipid −1 for the twenty OCPs.
Statistical Analysis
The data for OCPs below MDLs were replaced with their corresponding half MDL (1/2 MDL) values for further statistical analysis. Nonparametric methods, including Mann-Whitney U and Kruskal-Wallis H tests were used to examine the different groups. The OCP levels were logarithmically transformed to fulfill the normal distribution for statistical analysis. The correlations between the questionnaire parameters (i.e., infertility with medical treatment or never having undergone gynecological surgery) and exposure levels were tested using principal component analysis (PCA) tests. The stepwise linear regression was used to test the correlation of dietary habit and menstrual characteristics against OCP residues in breast milk. Odds ratios (ORs) of mothers' exposure to OCPs were tested against the parameters of demography or sociodemography, gynecological diseases, menstruation, and dietary habit, using a logistic regression with adjustment variables for pre-pregnant BMI, age, population, annual income, birth year, or parity. In this study, a result was deemed to exhibit statistical significance when it had a p-value of ≤0.05. All statistical analyses were performed using Statistical Product and Service Solutions (SPSS), version 12.0 (International Business Machines Corporation, Armonk, NY, United States) Table 1 shows the descriptive statistics for the variables in the study. The means and standard deviation (mean ± SD) values for maternal age, pre-pregnant BMI, and parity were 30.5 ± 4.30 years old, 22.5 ± 4.11 kg m −2 , and 2.21 ± 0.939, respectively. 39.7% of the investigated women were born before 1975. The sample of pregnant women comprised 23.5% primiparous and 77.5% multiparous women. For the population composition, 75% were native-born Taiwanese; 17.6% were native-born aborigines, and 7.4% were nonnative-born Taiwanese. 8.8% of the subjects had reached pre-senior high school levels of education, 39.7% had completed senior high school, 45.6% had attended a tertiary school, and 5.9% had completed graduate school. In addition, the annual income of the pregnant women was also included, with classifications of <$10,000 (14.7%), $10,000-$20,000 (32.4%), $20,000-$34,000 (36.8%), and >$34,000 (16.2%). For the duration of breastfeeding, 2.9% of the pregnant women breastfed their babies less than 2 months. Nine and eight subjects had received medical treatment for infertility and gynecological surgery, respectively. In addition, three participants had an overlap of treatments between infertility and gynecological surgery history. The frequency of the dietary habit and menstruation characteristics in the studying participants are also reported in Table 2 . Table 3 shows that OCPs were frequently detected in the breast milk samples (detection rate = 85.3% to 100%), with the exceptions of methoxychlor and 4,4 -DDD. The geometric mean concentrations (GM ± SD) of OCPs were observed to be 0.168 ± 0.455 ng·g a GM: geometric mean. b ΣHCH is the sum of α, β, γ, and δ-HCH; ΣCHL is the sum of cis-and trans-CHL; ΣDDT is the sum of 4,4′-DDD, 4,4′-DDE, and 4,4′-DDT; Σendosulfan is the sum of endosulfanI, endosulfan II, and endosulfan sulfate; Σendrin is the sum of endrin, endrinaldehyde, and endrinketone; Σheptachlor is the sum of heptachlor and heptachlor epoxide. c MDL: method detection limit. A Kruskal-Wallis H test was used to examine the significance of OCP levels with regards to prepregnant BMI, maternal age, population, parity, and annual income (data not shown). The older mothers (age > 31) had significantly higher cis-CHL levels in their breast milk than the younger ones (age ≤ 31) (p = 0.043). In addition, the levels of aldrin (p = 0.041), 4,4′-DDD (p = 0.07), endosufan II (p = 0.12), and heptachlor (p = 0.06) for mothers who had higher pre-pregnant BMI values were significantly lower than those for mothers who had lower pre-pregnant BMI values. Native-born aborigines had significantly higher Aldrin breast milk levels (p = 0.018) and cis-CHL (p = 0.035) than native-born Chinese mothers. The mothers with annual family income > $34,000 (U.S. dollars) showed significantly lower residual levels of α-HCH and β-HCH than those with incomes <$10,000. A Kruskal-Wallis H test was used to examine the significance of OCP levels with regards to pre-pregnant BMI, maternal age, population, parity, and annual income (data not shown). The older mothers (age > 31) had significantly higher cis-CHL levels in their breast milk than the younger ones (age ≤ 31) (p = 0.043). In addition, the levels of aldrin (p = 0.041), 4,4 -DDD (p = 0.07), endosufan II (p = 0.12), and heptachlor (p = 0.06) for mothers who had higher pre-pregnant BMI values were significantly lower than those for mothers who had lower pre-pregnant BMI values. Native-born aborigines had significantly higher Aldrin breast milk levels (p = 0.018) and cis-CHL (p = 0.035) than native-born Chinese mothers. The mothers with annual family income > $34,000 (U.S. dollars) showed significantly lower residual levels of α-HCH and β-HCH than those with incomes <$10,000. In Taiwan, the use of OCPs was banned in 1975, so adjusted variables were used to determine the relation of women's age to the bioaccumulation of OCPs in their breast milk (Table S1 ). The Taiwanese women born before the year 1975 had higher concentrations of all OCPs, especially DDE, which is an evident metabolic degradation product of DDT during its long-term presence in the human body. These associations were taken into consideration by using the adjusted variables (i.e., pre-pregnant BMI, age, population, parity, birth year, or annual family income) in the logistic regression.
Results
Σ DDT
The statistical analysis using stepwise linear regressions showed that Log endrin ketone (B = 0.308, p = 0.016) had significant correlation to milk consumption while beef consumption was significantly correlated to five OCPs, which included positive correlations to Log endrin ketone (B = 0.284, p = 0.011), Log endosulfan sulfate (B = 0.366, p = 0.001), and Log cis-CHL (B = 0.333, p = 0.007) but negative correlations to Log γ-HCH (B = −0.276, p = 0.012) and Log endrin (B = −0.278, p = 0.016) as shown on Table 4 . For the consideration of demographic or sociodemographic characteristics (Table 5) , the odds ratio of log endosulfan sulfate (OR = 10.8; 95% CI: 1.03-113; p = 0.047) showed a significant association with native-born aborigines compared with those who are native-born and nonnative-born Taiwanese. However, the log concentration of α-HCH (OR = 4.20; 95% CI: 1.08-16.2; p = 0.037) or ΣHCH (OR = 10.7; 95% CI: 1.27-90.1; p = 0.029) exhibited a significant correlation with the mothers with annual family income ≤20,000 US dollars in comparison to the mothers with annual income >$20,000 U.S. dollar. In addition, compared with the multiparous mothers, ΣHCH (OR = 27.3; 95% CI: 1.63-457; p = 0.021) was also significantly associated with mothers under the primiparous group. We didn't find any significant correlation of OCP residues in breast milk to women's birth year (before or after 1975), age (over or under 31 years old), pre-pregnant BMI (higher or lower than 21.7 kg·m −2 ), and education level (higher or lower than senior high school) when the logistic regression models were examined with the adjustment of confounders (Tables S2-S8 in the Supplemental Materials). Using the logistic regression model, the dietary habits of the mothers were found to be associated with the risk of OCP residues in their breast milk. These dietary habits included cow milk consumption, cheese consumption, egg consumption, beef consumption, pork consumption, and chicken consumption (Table 5 and  Tables S9-S14) As shown in Tables S15-S18, the menstruation characteristics of the mothers, which included mothers who menarche before 13 years old in comparison to after 13 years old, average periods of the menstrual cycle (<28 days), longest period of the menstrual cycle (>37 days), shortest period of the menstrual cycle (≤26 days), average menstrual period (>5 days), longest menstrual period (>7 days), the shortest menstrual period in days (<3 days), and currently taking/have taken hormonal drugs were also correlated with the risk of OCP residues in the breast milk. However, only four of these parameters showed significant associations (Table 5 ). Log concentrations of trans-CHL (OR = 4.73; p = 0.035) and endrin ketone (OR = 7.06; p = 0.011) were observed to be significantly associated with women whose average menstrual period days was >5 days. Furthermore, log concentrations of trans-CHL (OR = 14.9; p = 0.020) was also significantly associated with the shortest menstrual period days together with ΣCHL (OR = 14.5; p = 0.044). Women who were menstruating fewer than 3 days had a higher risk related to the compounds mentioned. Lastly, significant associations were found in log concentrations of Σendosulfan (OR = 18.6; p = 0.035), heptachlor epoxide (isomer B) (OR = 16.6; p = 0.015), and Σheptachlor (OR = 21.6; p = 0.045) with mothers who had taken or were taking hormonal drugs (Tables S19 and S20 ). The Odds Ratios (ORs) of OCP residues in the breast milk, which were examined using logistic regression models to account for the breast milk OCP association with disease and those with gynecological surgery history, are summarized in (Tables S21 and S22) . Compared with the normal group, the highest OR of γ-HCH was found in mothers who had received infertility treatment (OR = 25.4; 95% CI: 1.26-519; p = 0.035), while no significantly different results between OCPs levels and having undergone gynecological surgery history (p > 0.05) were found.
A principal component analysis (PCA) with a varimax rotation was used to determine the correlations between OCPs in the breast milk samples and participants who had received infertility treatment in obstetric clinics or those who had undergone gynecological surgery at gynecological clinics. Two OCPs, cis-CHL and γ-HCH in the breast milk were associated with women having received infertility medical treatment (Figure 2 ) while 4,4 -DDT in the breast milk was associated with participants who had undergone gynecological surgery. examined using logistic regression models to account for the breast milk OCP association with disease and those with gynecological surgery history, are summarized in (Tables S21 and S22) . Compared with the normal group, the highest OR of γ-HCH was found in mothers who had received infertility treatment (OR = 25.4; 95% CI: 1.26-519; p = 0.035), while no significantly different results between OCPs levels and having undergone gynecological surgery history (p > 0.05) were found. A principal component analysis (PCA) with a varimax rotation was used to determine the correlations between OCPs in the breast milk samples and participants who had received infertility treatment in obstetric clinics or those who had undergone gynecological surgery at gynecological clinics. Two OCPs, cis-CHL and γ-HCH in the breast milk were associated with women having received infertility medical treatment (Figure 2 ) while 4,4′-DDT in the breast milk was associated with participants who had undergone gynecological surgery. Figure 1 shows that the ΣDDT declined within the period from 1981 to 2016 while the DDE/DDT ratio increased, signifying the effect of the past usage of this pesticide in Taiwan and its persistence till the present time. As mentioned earlier, a high DDE/DDT ratio is also indicative of the absence of recent exposure. Our median DDE/DDT ratio (22.3) was consistent with that reported by Chao, et al. [18] in Taiwanese human breast milk implying that the OCP levels in the breast milk was from past exposure.
Discussion
Overall, the DDE/DDT ratios from the 1981 [19] , 2001-2002 [18] , and 2013-2016 (the present study) studies showed an increasing trend reflecting no recent exposure to OCPs among Taiwanese women at childbearing age. However, some research papers from Taiwanese neighboring countries have shown comparable results for the OCP levels in breast milk.
For example, in northern Thailand, the concentrations of heptachlor, heptachlor epoxide, γ-HCH, p,p -DDT, p,p -DDE, and p,p -DDD in 1998 were 4.3, 4.4, 3.6, 69.4, 169.4, and 6.8 ng·mL −1 , respectively [23] . In China, Wong, et al. [24] reported the OCP levels in breast milk during the period from 1999-2000 to be 0.70, 2.85, and 1.11 µg·g −1 ·lipid −1 for p,p'-DDT), p,p'-DDE, and β-HCH, respectively, while the data from 2003 to 2005 from Zhao, et al. [25] were 1528, 214, 76.2, and 16.7 ng·g −1 ·lipid −1 for p,p -DDE, β-HCH, α-HCH, and γ-HCH, respectively. Afterwards, the data in 2006, 2008, and 2010 from Zhou, et al. [26] were 67.1, 25.5, and 10.5 ng·g −1 ·lipid −1 for β-HCH, HCB, and 4,4 -DDD (dominant OCPs), respectively. Minh, et al. [27] indicated that the levels of p,p -DDE, p,p -DDT, β-HCH, and p,p -DDD in the breast milk of Vietnamese women from 2000 to 2001 were 420-6300, 34-6900, 11-160, and 3-50 ng·g −1 ·lipid −1 , respectively. Among the OCPs in breast milk, DDT is still a dominant species in China and Vietnam, while β-HCH and HCB are the most prominent ones for Chinese mothers [28] . Breast milk collected in Korea in 2011 showed OCP levels of 91.7, 20.5, 6.51, 2.22, and 0.94 ng·g −1 ·lipid −1 for p,p -DDT, β-HCH, p,p -DDD, heptachlor epoxide, and p,p -DDE, respectively [29] . In other developing Asian countries like India and Saudi Arabia, among all the available commercial products with OCPs, only γ-HCH is permitted to be used for agricultural purposes, which is a possible reason for its higher mean concentrations of 0.37, 0.35, 0.35, and 0.29 mg·L −1 in four cities (Al-Hassa, Al-Khobar, Al-Jubail, and Al-Dammam, respectively) where HCH was dominant in the breast milk samples [30, 31] . Therefore, this study shows the OCP levels in Taiwan to be lower than those in the neighboring countries (Table 6 ). Studies by Coakley, et al. [32] and Johnson-Restrepo, et al. [33] showed that high levels of OCPs found in breast milk collected in the USA were higher than that in Taiwan. Some countries such as Russia [34] , Colombia [35] , and Norway [36] have exhibited higher levels of OCPs in breast milk as compared to our data. The levels of OCPs in breast milk decreased in Taiwan after the ban of OCP use in 1975 based on the OCP data in both our previous study [18] and in the present study (Figure 1) . A similar trend has also been observed in American and European countries [37] [38] [39] .
Certain OCPs, especially for HCH isomers, have significant associations with sociodemographic characteristics in the present study. In a Tunisian study [40] , levels of hexachlorobenzene (HCB), HCH isomers, and DDT isomers and metabolites in adipose tissue were not significantly related with sociodemographic characteristics such as gender, parity, habitat areas, and smoking habit except for age which showed a positive significant association. For the Tunisian female, the adipose levels of HCB and HCHs had significant correlations with BMI while there were no correlations found between OCPs in adipose tissue and dietary habit. Chao, et al. [18] observed that maternal age had significant associations with γ-HCH in breast milk which was also positively linked to mothers who have high fish consumption. In the present study, cow milk consumption and the shortest menstrual period were slightly and significantly correlated with endrin ketone and trans-CHL, respectively, after examining the stepwise linear regression models with adjustment of their confounders. 31.3% linearity of beef consumption could be explained by the predictors of log endosulfan sulfate, Log cis-CHL, Log γ-HCH, Log endrin ketone, and Log endrin when the stepwise linear regression model was used. In the stepwise linear regression, dietary habits like cow milk and beef consumption also had significant correlations (positive or negative) to OCPs, indicating that consumption of these foods was a possible exposure pathway for OCPs (Table 4) . Compared with the logistic regression model, simple significant outcomes were shown by testing the stepwise linear regression model. In our study, ΣHCH was found to have significant associations to several sociodemographic parameters, particularly annual family income and gravidity in the logistic regression model analysis (Table S23) . Some OCP residues in breast milk were significantly and positively correlated with consumption of cow milk or beef (Table 4) . Our result showed increased consumption of cow milk and beef increased the risk of being exposed to OCPs, especially to HCH, Heptachlor, and Endrin. Sharma, et al. [41] reported that DDT and HCH (67% for β-HCH contributed) residues were both dominant OCPs in a cow milk sample and that dairy milk intake could be the main source of human exposure to these OCPs. A recent study in China observed that β-HCH was the dominant OCP in beef muscle tissue (mean: 1.18 ng·g −1 ·f.w. −1 ) and cow's milk (approximately 4.5 ng·g −1 ·lipid −1 ) [42] which is possibly due to still ongoing use of lindane and its persistence and high bioaccumulative potential [43] . In this study, β-HCH was the main residual OCP that is commonly accumulated in food chains and could possibly cause adverse effects on human health. The other recent and immediate sources of Taiwanese exposure to OCPs may be attributed to fish consumption although our results didn't show any significant evidence (data not shown). Chang [5] found the levels of 20 OCPs to be lower than the OCP MDLs in sediments from Taiwanese aquafarms, indicating no new OCPs contaminants from the land into these aquafarms, but certain OCP residues were detectable in fish samples from both the aquafarms and the sea near the coast. He also examined one of possible sources of OCPs through fish consumption by means of estimated daily intakes (EDIs) and assessed their risks to humans [5] . Bempah and Donkor [44] reported that imported goods such as fruits sold in different markets in Ghana were contaminated with OCPs. Although OCPs have been banned in Taiwan for >40 years, contaminated imported food crops from developing countries are possible sources of OCPs detected in the breast milk of Taiwanese women.
As shown in Figure 2 , using the PCA analysis, breast milk DDT was observed to be correlated with women who had undergone gynecological surgery as well as breast milk cis-CHL and γ-HCH in women who had received infertility treatments. Several epidemiological studies have indicated negative correlations between semen quality (e.g., low sperm motility) and γ-HCH in semen or serum samples from male adults [45] [46] [47] . Pant et al. [46] revealed that α-, β-, γ-, δ-HCH and DDT and its metabolites, including the levels of DDD and DDE found in the semen of infertile males were significantly higher than those in fertile men. As compared to reproductive studies conducted on male adults, there have been only a few studies focused on the reproductive effects of γ-HCH exposure on female adults. One example of these female reproductive studies is an American case-control study that examined the ORs of endometriosis risk between serum levels of OCPs in both cases and controls [48] . Upson et al. [48] indicated that higher γ-HCH concentrations were significantly correlated with higher ORs of ovarian endometriosis, but the associations of γ-HCH, heptachlor epoxide, oxychlordane, trans-nonachlor, DDE, DDT, and dieldrin did not appear to be significant. Additionally, a hospital-based case and control comparison study indicated that the maternal and cord blood levels of α, β, γ-HCH in the control group were significantly lower than those in the small-for-gestational-age (SGA) case group while there were no significant differences observed for DDE, DDT, DDD, and endosulfan [49] .
Overall, based on the above-mentioned studies, HCH isomers in human samples seem to be associated with female reproduction disruption. Many studies have also indicated that γ-HCH is the detected dominant OCP residue [48, 50, 51] . Xu, et al. [52] evaluated the results of the National Health and Nutrition Examination Survey 1999-2004 and found that levels of OCPs like β-HCH, trans-nonachlor, and dieldrin in serum were significantly associated with the prevalence of prostate cancer. In an age-period-cohort analysis conducted by Ho, et al. [53] a steady increase in percent-age change in the breast cancer mortality rate was observed with values ranging from 54.8% (aged 20-44 years) to 150% (aged 45-64 years) during the periods of 1971-1975 and 2006-2010 . The 1951 birth cohorts showed the greatest mortality risk with peak mortalities in both the 45-49 and 50-54 age groups. The heavy use of DDT to control malaria in Taiwan might be an important reason for heightened breast cancer mortality risk [53] . Airaksinen, et al. [54] indicated that OCPs were correlated to the prevalence of type 2 diabetes. Parkinson's disease was also correlated to the neurotoxicity caused by the OC pesticide heptachlor [55] , and an increased risk was observed in a Costa Rican population with exposure to the occupational pesticide, dieldrin [56] . In addition to these adverse health effects on adults, the exposure of nursing infants to these harmful compounds may cause neurodevelopmental disorders [57] , reduced fetal growth [58] , endocrine disruption [59] , allergies [60] , immunotoxicity [61] , and oncogenesis [62] .
In this study, the logistic regression exhibited high ORs of γ-HCH or lindane in mothers who received infertility treatment as compared to the normal group after adjusting for age, pre-pregnant BMI, annual income, and population (Table S21 ). Our results infer that the elevated levels of ΣCHL, ΣDDT, ΣHCHs, or other OCPs in breast milk have no significant correlation to women who had undergone gynecological surgery (Table S22) . Although the highest OR of γ-HCH was associated with females receiving infertility treatments (OR: 25.4; 95% CI: 1.26-519), the observed wide range of 95% CI of γ-HCH was probably due to the small sample size (n = 68) and small number of infertility cases (n = 9) as compared to the control (n = 59). Thus, this situation might not be adequate to explain the significantly higher γ-HCH breast milk levels in women receiving infertility treatments as compared to that of the normal women. Exposure to OCPs may delay conception and cause infertility [63] . Previous studies have focused on the association of OCP exposure with both male and female infertility. A review article showed that exposure to DDE, DDT, or HCH resulted in higher ORs of reproductive diseases such as infertility, low sperm count, and low semen volume as well as low counts of oligoospermia, asthenozoospermia, and cryptorchism [64] . Considering the γ-HCH levels in male adults in terms of relevance to semen quality, several reports have observed significantly higher γ-HCH levels in infertile men [45, 46, 65] . In addition, exposure to OCPs can also interfere with the functioning of the immune system [66] , and γ-HCH, cis-CHL and 4,4 -DDT must be closely monitored due to their high potential risks associated with infertility and gynecological diseases. Aside from fertility studies, the association of OCPs to female reproductive-associated surgeries and technologies has also been investigated. Zhu, et al. [67] measured the follicular fluid in female patients who had undergone assisted reproductive treatments and observed high levels of OCPs (168 ng·g −1 ·lipid −1 ). Our results offer valuable information for encouraging future in-vitro, in-vivo, and epidemiological studies on associations between the body burden of γ-HCH and female infertility.
Menstrual parameters, including average periods of menstrual cycle (≤26 and ≥30 days), average menstrual period days (>5 days), shortest menstrual period days (≤3 days), hormonal drug intake, and infertility in association with OCP residues in breast milk were investigated. Infertile women and those who had taken hormonal drugs had significantly high ORs of OCPs, while women with menstrual cycles of ≤3 days had significantly higher OCP ORs than those whose menstrual duration was greater. A low OR of endosulfan II was observed in women with irregular menstrual periods (≤26 and ≥30 days); however, there was no significant association observed. Currently, there is no epidemiological evidence associating OCPs with menstruation; however, there have been reports linking menstruation characteristics with other pollutants. In our previous studies [68, 69] , higher levels of dioxins and PBDEs were observed in women with irregular menstrual cycles as compared to those with regular cycles. Women whose cycles were longer than 33 days also had higher dioxin levels compared to those with less than 33 days [69] . We showed in this study that the effects of OCPs on the menstruation characteristics of women are similar to those for PBDEs and dioxins, as demonstrated in our previous studies. OCPs may have the potential to interfere with hormonal balance thus disrupting menstruation characteristics.
The limitation of this work is that it was a part of an on-going follow-up study to examine the health effects after mother-infant pairs were exposed to organochlorines. It was not easy to show significance in the statistical analysis due to the small sample size (n = 68) and the fact that our participants might not have been willing to report that they had undergone gynecological surgery or had received treatment for infertility. Although several significances were found in the tests using a logistic regression and a PCA model, these statistical methods were possibly not the best choices for the examination of the associations of OCPs to health outcomes in the present study, which was not a case-control designed study. More detailed information is provided in the Supplemental Materials section (please check the limitation of small sample size section). Haraguchi, et al. [28] MDL: method detection limit. a ΣHCH is the sum of α, β, γ, and δ-HCH; ΣCHL is the sum of cis-and trans-CHL; ΣDDT is the sum of 4,4 -DDD, 4,4 -DDE, and 4,4 -DDT; Σendosulfan is the sum of endosulfan I, endosulfan II, and endosulfan sulfate; Σendrin is the sum of endrin, endrinaldehyde, and endrin ketone; Σheptachlor is the sum of heptachlor and heptachlor epoxide.
The OCP levels in the breast milk in this study are relatively low and within safe levels, suggesting a low risk to human health. Similarly, Chang [5] indicated that the risk for potential adverse health effects of OCPs in terms of EDI in Taiwan is 1% lower than the acceptable value set by the Food and Agriculture Organization of the World Health Organization (DDT: 20 µg·kg −1 of body weight), also revealing a low risk to Taiwanese health (within safe levels). The levels of breast milk OCP may reflect the body burden in women of child-bearing ages and their effects on nursing infants and adults (i.e., the positive association of breast cancer mortality rate to OCP levels in Taiwanese women, especially for those who were born before the year 1975 [53] ), and this information is also important for the longitudinal biomonitoring of OCPs and their body burdens in humans. The breast milk OCP concentrations were within the safe levels; however, there was a potential risk of developing gynecological disorders upon exposure to these compounds. Although body burden of OCPs is a minor contributor to gynecological disorders, several reports indicated the risks of endometriosis [70] ) and breast cancer [71, 72] , or the potential effects on ovarian function [73, 74] increased after women were exposed to endocrine disrupting compounds (EDCs) or persistent organic pollutants (POPs) including OCPs. Therefore, it is still necessary to continuously monitor the breast milk OCPs with low levels. This study provides useful and valuable information about high levels of certain OCPs in breast milk, which possibly may induce reproductive alterations in female adults. In our future studies, we will continuously monitor the OCP levels in breast milk and create longitudinal and large-scale epidemiological studies for examining the associations of breast milk OCPs with reproduction in Taiwan.
Conclusions
Even after the long-term ban of OCPs use in Taiwan, the OCP residues in human breast milk samples were detectable. The most dominant OCP species was ΣDDT, followed by ΣHCH. Our results were significantly lower as compared to those observed in some developing and developed countries. Sociodemographic characteristics especially annual family income and gravidity were found to be correlated to several OCPs, particularly ΣHCH. In addition to these two sociodemographic characteristics, dietary habits such as consumptions of cow milk and beef were also associated with ΣHCH. Moreover, other OCPs such as cis-CHL and γ-HCH were associated with menstruation characteristics, hormonal drug intake, infertility treatment, cow milk consumption, and beef consumption. Accordingly, dietary habit is an important factor influencing the levels of OCPs in breast milk and the associated risks for women.
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